The study investigated the effects of caffeine and ethanolic extract of kolanut (EEK) on glucose uptake in the canine hindlimb at rest and during contraction. Thirty male anaesthetized Mongrel dogs (11 -13kg) were divided into six groups (5dogs/group). Caffeine (6mg/kg), EEK (5mg/kg), or normal saline (control) was administered intravenously to each group at rest. Arterial and venous blood samples were collected at 0, 5, 10, 15, 20, 25, 30, 45, 60, 75 and 90 minutes after drug administration. Blood glucose was measured by glucose oxidase method. Arterio-venous (A-V) glucose difference was calculated and venous blood flow (VBF) was measured during the sampling period. Hindlimb Glucose Uptake (HGU) was calculated as the product of (A-V) glucose and blood flow. After sampling at rest, the experiments were repeated with the right femoral nerve stimulated using electrical stimulator at 5Hz. At rest, (A-V) glucose increased significantly (P<0.05) from 4.2±0.2mg/dl to 29.8 ± 8.6, and 24.4±2.6 for caffeine and EEK respectively. VBF decreased to 2.0±0.9 and 6.0±0.6ml/min for caffeine and EEK respectively. However, HGU significantly increased from 34.8±0.1mg/min to 74.5±3.2mg/min and 175.8±3.4mg/min for caffeine and EEK, respectively. Contraction of the hindlimb muscle alone significantly increased the (A-V) glucose (68%), VBF (26%) and HGU (120%) when compared with the control. During contraction, (A-V) glucose increased from 4.3±1.5mg/dl to 35.6±3.0mg/dl, and 27.0±2.2mg/dl for caffeine and EEK respectively. VBF also increased from 8.4±0.3ml/min to 12.8±0.3ml/min for EEK. Although, contraction improves VBF (7.3±0.5ml/min) to the hindlimb in response to caffeine, the value was significantly (P<0.05) lower than that of control (8.4±0.5ml/min). Contraction also significantly increased HGU from 35.8±3.6mg/min to 249.0±3.3 and 286.72±2.0mg/min for caffeine and EEK, respectively. The results showed that caffeine and EEK significantly increased HGU and that these effects are due to the increases in glucose extraction ((A-V) glucose) caused by caffeine and EEK.
Introduction
Administration of caffeine has been demonstrated to cause a transient impairment of glucose tolerance in able-bodied human Petrie et al, 2004; Robinson et al, 2004; . During an oral glucose tolerance test (OGTT) caffeine ingestion results in elevated insulin and C-peptide responses without a subsequent lowering of the glucose response , suggesting a caffeineinduced impediment to the action of insulin. This impediment in the action of insulin is further demonstrated by studies employing the euglycaemic-hyperinsulinemic clamp technique that reported a 15-25% decrease in whole body insulin-mediated glucose disposal following caffeine ingestion Keijzers et al, 2002; . Furthermore, demonstrated a 50% decrease in skeletal muscle (leg) glucose uptake, which is the predominant tissue responsible for whole body glucose disposal in humans.
The mechanism by which caffeine decreases glucose tolerance and/or glucose disposal remains undetermined. Although caffeine is a known adenosine receptor antagonist (Biaggioni et al, 1991; Smits et al, 1987) , it remains unclear as to whether or not adenosine contributes significantly to insulin-mediated glucose uptake with skeletal muscle. Within adipose tissue, adenosine has been consistently reported to enhance insulin-mediated glucose uptake (Christ et al, 1998; Hellsten, et al, 1998) ; however, the results obtained for skeletal muscle have been conflicting. Studies conducted on rodent muscle have demonstrated increases (Espinal et al, 1983; Leighton et al, 1988) , decreases (Han et al, 1998) and no change (Vergauwen et al, 1994) in insulin-mediated glucose uptake following the administration of an adenosine receptor antagonist. In humans, the infusion of the adenosine reuptake inhibitor dipyridamole failed to show an enhancement of whole body insulin-mediated glucose disposal during a euglycaemic-hyperinsulinemic clamp, suggesting that adenosine may not contribute significantly to insulin action in humans .
Again, until recently, it was believed that the small, albeit significant, elevation in epinephrine concentration observed following caffeine ingestion was most likely responsible for the impairment in glucose tolerance Battram et al, 2005) . However, although epinephrine is a potent antagonist of insulin-mediated glucose disposal (Deibert and De Fronzo 1980; Bessey et al, 1983 , Baron et al, 1987 , the infusion of epinephrine in concentrations similar to those observed following caffeine ingestion did not significantly impede insulin-mediated glucose disposal (Battram et al, 2005) .
Most of the literature on the relationship between caffeine and glucose uptake in skeletal muscle have been limited to humans and rodents with little work done on dogs. However, a recent report by Pencek et al, (2004) showed that infusion of caffeine through the portal vein in conscious dogs caused significant increases in hepatic glucose uptake. There is no information on how the skeletal muscle handles glucose uptake following administration of caffeine in the dog. The present study was therefore designed to study the effect of intravenous administration of caffeine on the glucose uptake by the canine hindlimb. The second part of this study also tried to investigate the effect of kolanut extract on the glucose uptake by the canine hindlimb. Kola nut contains several organic compounds including caffeine. There are reports that suggest that caffeine content of kola nut could be as high as 7% (Ogutuga, 1975) and is often considered to be the agent responsible for the biological action of kola nut (Chukwu et al, 2006) . The question now asked is: Will kola nut extract produce the same effect as caffeine on the hindlimb glucose uptake?
Materials and methods

Selection of Kolanut and preparation of ethanolic extract:
Seeds of specie Cola nitida were used in this study. The seeds were purchased from a market in Ibadan, Nigeria and authenticated for identification at the Department of Botany and Microbiology, University of Ibadan where a sample was kept. The seeds were dried under shade for almost two weeks and thereafter reduced to powdered form. One kilogram of the powdered seeds was obtained and exhaustively extracted with ethanol. Powdered kola nut was extracted (1kg per 2 liters) two times with ethanol and water (80:20 V/V) for 1 h at room temperature, under magnetic stirring. After filtration, the solvent was evaporated at 40 0 C under vacuum (Rotavapor), and final ethanolic extract lyophilized. The extract solution was prepared as suspension with 4g/100ml of saline for the physiological and pharmacological studies.
Toxicity study
Acute toxicity of the kolanut ethanolic extract was evaluated using male Swiss mice (25-35grams ). An initial pilot study was conducted to determine the dose range of the extract to be used for the study. Fifty-five mice were used to determine the LD 50. The mice were divided into 11 groups of 5mice per group. The doses administered were selected after preliminary experiments. The animals were then observed for a period of 72 hours post-treatment for clinical signs of toxicity such as movements, weakness, sleeping and death to determine the LD 50 . Experimental procedure:
Male mongrel dogs weighing 11-13kg were used for the study. Each animal was fasted for 18-24hr before the start of an experiment. Anaesthesia was induced by i.v injection of sodium pentobarbitone, 30mg/kg. Light anaesthiesia was maintained with supplemental doses of i.v. sodium pentobarbitone as necessary. The trachea was intubated using endotracheal tube and the animal was allowed to breath room air (temp. 25 0 C) spontaneously.
The right femoral vein and artery were cannulated. The cannula in the right femoral vein was moved into an extracorporeal position and a non-crushing clamp was applied to its free end. The left femoral vein was cannulated for the administration of drug and left femoral artery was also cannulated and connected to a two-Channel physiographic recorder through pressure transducer model 7070 Gemini (Ugo basil) to monitor blood pressure and heart rate.
The right femoral nerve was isolated and muscular contraction was induced by electrical square pulses of 0.2ms duration using electrical student stimulator to the nerve (Brooks Instruments, UK). The output voltage was limited to 2.5, 5 or 10Hz for nonpainful muscle contraction for thirty minutes (Hamada et al, 2004) . At the end of surgical procedure, sodium heparin 300unit per kg-body weight was administered intravenously to prevent blood clotting. After all surgical procedures were completed, a 60-90 minutes stabilization period H. M. Salahdeen and A. R. A. Alada was observed. The blood flow to the hindlimb was measured by time collection of the blood from the right femoral vein as previously described by (Alada and Oyebola, 1996) . Arterial and venous blood samples for glucose estimation were obtained from the cannula placed in the right femoral artery and vein respectively.
After stabilization, basal measurements of the femoral venous blood flow, arterial and venous glucose were determined. The experiments were carried out in six groups (with 5dogs per group). In each group, blood samples for basal glucose measurements were obtained and basal blood pressure and blood flow were also monitored.
Group I (Control)
A bolus injection of normal saline (0.1ml/kg) was given through the femoral vein. Blood pressure and hindlimb blood flow measurements were continuously monitored, while the arterial and venous blood samples for glucose estimation were obtained at 5min, 10min, 15min, 20min, 25min, 30min, 45min, 60min, 75min, and 90min post-injection.
Group II (Normal saline and hindlimb muscle contraction)
A bolus injection of normal saline (0.1ml/kg) was given through a cannula in the femoral vein during which the femoral nerve was electrically stimulated at 5Hz for thirty minutes using student stimulator (Brooks Instruments, UK) to produce contraction of the hindlimb muscles. The procedures for blood pressure recording, blood flow rate measurement, and blood sample collection for glucose estimation from arterial and venous ends during hindlimb muscle contractions were repeated as in group I.
Group III (Caffeine)
A bolus injection of caffeine at a dose of 3, 6 or 9mg/kg, was given i.v to three separate subgroups of dogs, each subgroup containing 5dogs. The procedure for blood pressure recording, blood flow rate measurement, and blood samples collection from the femoral artery and vein were repeated as in group I.
Group IV (Caffeine and hindlimb muscle contraction)
A bolus injection of caffeine at a dose of (6mg/kg), was given i.v. through the femoral vein followed by stimulation of femoral nerve to produced hindlimb contraction for thirty minutes. The procedures for blood pressure, and blood flow monitoring, arterial and venous blood sampling were carried out as in group I during the hindlimb contraction and after stimulation of the nerve.
Group V (Kolanut extract)
A bolus injection of kolanut extract in a dose of 2.5mg/kg or 5mg/kg), was given i.v. through the femoral vein to two separate subgroups with 5dogs per subgroup.. The procedure for blood pressure recording, blood flow rate measurement and blood sample collection from femoral artery and vein were repeated as in-group I.
Group VI (Kolanut and hindlimb muscle contraction)
A bolus injection of kolanut extract at a dose of (5mg/kg), was given i.v. through the femoral vein followed by stimulation of femoral nerve to produced hindlimb contraction for thirty minutes. The procedures for blood pressure, and blood flow monitoring, arterial and venous blood sampling were carried out as in group I during the hindlimb contraction and after stimulation of the nerve.
Blood glucose measurement
Blood glucose was determined with one touch basic-plus glucometer. The meter was checked against the standard glucose solution at regular interval to ensure accuracy. Result of blood glucose measurement using glucometer correlates excellently with the results obtained from standard laboratory methods (Ajala et al, 2003; Devreese and Leroux-Roels 1993) . Glucose uptake was computed as the product of the (A-V) glucose and blood flow (Alada and Oyabola 1997) .
Data were analyzed using Microsoft Excel statistical package. All values given are the mean ±S.E of the variables measured. Significance was assessed by the analysis of variance (ANOVA) followed by a post hoc Fisher's PLSD test for multiple comparisons. P values of 0.05 or less were taken as statistically significant. Caffeine and kolanut extract on canine hindlimb glucose uptake
Results
Acute toxicity tests in mice: Table 1 shows the acute toxicity results after administration of graded doses of ethanolic extract of kolanut in mice. The results showed that there were no deaths caused by graded doses of the extract even at very high doses.
Effect of normal saline on blood glucose, blood flow and Hindlimb Glucose Uptake (HGU) at rest and during hindlimb muscle contraction Normal Saline has no significant effect on arterial and venous blood glucose, (A-V) blood glucose, blood flow and hindlimb glucose uptake by the dog. The resting arterial and venous blood glucose levels were 99.3±1.4mg/dl and 95.2±1.5 mg/dl respectively. The resting (A-V) glucose was 4.2±0.2mg/dl and the resting blood flow to the skeletal muscle was 8.3 ± 0.2 ml/min. At rest, the Hindlimb Glucose Uptake (HGU) in the dogs was 34.8 ± 0.1 mg/min.
Contraction of hindlimb muscle caused insignificant increases in both arterial and venous glucose levels from 99.3±1.4mg/dl, and 95.2±1.5 mg/dl to 120±6.6 mg/dl and 98.4±3.3mg/dl at twenty and twenty-five minutes respectively (Table 2 ). Figure 1a shows the effect of hindlimb contraction on arterio-venous glucose difference during hindlimb muscle contraction. There was a steady rise in (A-V) glucose, from 4.2±0.2mg/dl to 24±2.7mg/dl which reached its peak twenty minutes into the contraction period and thereafter gradually returns towards the basal level. The blood flow to the hindlimb also significantly increased from 8.3 ± 0.2 ml/min to 14.5±0.6ml/min (p< 0.01) and was sustained throughout the contraction and post-contraction observation periods ( Figure 1b ). Glucose uptake increased steadily from 34.8 ± 0.1 mg/min to 180.7±3.3mg/min in the first 20min, reaching its peak, and thereafter started to decrease. (Figure 1c ). It is to be noted, that even in the post-contraction observation period, (A-V) glucose and glucose uptake did not return to the basal level.
Effect of caffeine on blood glucose, blood flow and Hindlimb Glucose Uptake (HGU) at rest in dogs
The effects of different doses (3, 6, and 9mg/kg) of caffeine on blood glucose are shown in table 3. Caffeine at 6mg/kg caused significant increases in arterial blood glucose from 99.2±0.7mg/dl to 160.2±1.2mg/dl at fifteen minutes post-injection. The increase in blood glucose was immediate and sustained throughout the 90min post-injection observation period. Caffeine at 6mg/kg also produced significant increase in venous blood glucose from 94.9±1.5mg/dl to 130.6±2.3mg/dl which was sustained. The venous blood glucose levels are however lower than the arterial glucose levels throughout the post-injection observation period. 3mg/kg of caffeine did not produce any significant effect on both the arterial and venous blood glucose levels. At a higher dose of 9mg/kg, caffeine produced significant reductions in both arterial and venous blood glucose levels from 99.3±1.2 mg/dl and 95.2±1.5mg/dl to 88.0±5.3mg/dl and 74.6±6.1mg/dl respectively. The different doses of caffeine produced significant increases in the arterio-venous glucose difference in the hindlimb (figure 2a). While both 3mg/kg and 9mg/kg caffeine caused slight but significant increases in glucose extraction by the hindlimb, 6mg/kg produced a more significant effect. The effect of 6mg/kg of caffeine on glucose extraction by the hindlimb was immediate and sustained throughout the post-injection observation period. While 3mg/kg and 9mg/kg caffeine increased (A-V) glucose from 4.2±0.2mg/dl to 19.6±2.4mg/dl and 21.6±5.4mg/dl respectively (P<0.05), 6mg/kg caffeine produced maximum (A-V) glucose of 29.6±8.6 mg/dl (P<0.01). Figure 2b shows that caffeine significantly decreased blood flow to the hindlimb. The three doses of caffeine decreased blood flow also in a dose-dependent manner. The effects of caffeine on the hindlimb glucose uptake in the resting state are shown in figure 2c. Both 3mg/kg and 6mg/kg of caffeine produced significant increases in the glucose uptake from 35.6±1.2mg/min to 79±1.3mg/min and 75±3.2mg/min respectively (p<0.01). While, 9mg/kg of caffeine did not produce any significant effect on the hindlimb glucose uptake. Comparing the 3mg/kg and 6mg/kg of caffeine, the 3mg/kg caffeine produced a more significant (P<0.001) increase in the hindlimb glucose uptake. The increases in hindlimb glucose uptake in response to 3mg/kg and 6mg/kg of caffeine were immediate and sustained throughout the post-injection observation period. 
Effect of caffeine on blood glucose (A-V) glucose and glucose uptake during hindlimb contraction in dogs
The effect 6mg/kg of caffeine on blood glucose during hindlimb contraction is shown in table 4. Contraction of hindlimb did not affect caffeine influence on arterial blood glucose levels although a slight reduction in venous glucose levels was obtained. The effect of caffeine on the (A-V) glucose in a contracting hind limb is shown in figure 3a . While caffeine increased glucose extraction from 4.2mg/dl to 26.2mg/dl at rest, it also increased (A-V) glucose from 4.2mg/dl to 35.6mg/dl during contraction of the hindlimb. That is, contraction of hindlimb potentiated the glucose extraction effect of caffeine by the hindlimb (p<0.01).
The effects caffeine on blood flow during hindlimb contraction is shown in figure 3b .
Although, caffeine caused significant reduction in blood flow at rest, it however, caused a slight but significant increase in the first 10mins and returned to basal level during the contraction of the hindlimb. It must also be added that the blood flow to the hindlimb was significantly higher during the contraction of the hindlimb than at rest throughout the postinjection observation period.
The effect of caffeine on hindlimb glucose uptake (HGU) during muscular contraction of the canine hindlimb is shown in figure 3c. Caffeine at rest increased hindlimb glucose uptake (HGU) by about 272%. It further increased HGU by about 411%, during contraction of the hindlimb. That is, contraction of hindlimb potentiated the action of caffeine on the hindlimb glucose uptake in the dog. 
Effect of ethanolic extract kolanut (EEK) on blood glucose, (A-V) glucose and hindlimb glucose uptake (HGU) in the resting dog
The two doses of EEK (2.5mg/kg and 5mg/kg) produced slightly different pattern of responses (Table 5 ). While 2.5mg/kg EEK caused an immediate but significant rise in both arterial and venous blood glucose levels from 99.3±1.4mg/dl and 93.2±1.5 mg/dl to 116±6.8mg/dl and 96±5.7mg/dl followed by slight reduction to hypoglyceamic levels throughout the remaining post-injection observation period (P<0.05), 5mg/kg EEK caused immediate increases in arterial blood glucose, 99.3±1.4mg/dl and 95.2±1.5 mg/dl to 106±6.8mg/dl and 130±5.7mg/dl which lasted for between 25min to 30min and thereafter returned to near basal levels during the remaining post-injection observation period (P<0.01). Figure 4a shows that 2.5mg/kg of EEK produced a significant increase in (A-V) glucose from 4.2±1.3mg/dl to 16±2.6mg/dl followed by a gradual returned to basal level (P<0.01), at 5mg/kg EEK produced a more sustained increase in (A-V) glucose to 19±1.9mg/dl which lasted for about 30min before returning to the basal levels (P<0.001). Figure 4b shows that the two doses of EEK produced significant decrease (P< 0.05) in blood flow to the hindlimb, from resting value of 8.3±0.2 ml/min to 7.9±0.2ml/min and 6.2±0.7ml/min for both 2.5 and 5mg/kg respectively. However, 5mg/kg of EEK caused a greater decrease in blood flow than 2.5mg/kg of EEK. The two doses (2.5 mg/kg and 5mg/kg) produced different patterns of response in hindlimb glucose uptake (Figure 4c ). While 2.5mg/kg of EEK caused a sharp increase in HGU, which lasted for 10min, and followed by return to basal level, the higher dose (5mg/kg) produced a more sustained significant increase in HGU which lasted for about 30min. The lower dose of EEK, however, produced a higher HGU within the short period than the high dose of EEK. The maximum HGU in response to 2.5mg/kg EEK is 402% and 511% in response to 5mg/kg of EEK.
Effect of ethanolic extract kolanut (EEK) on blood glucose, (A-V) and glucose uptake during hindlimb contraction in dogs
During contraction of the hindlimb, EEK produced a significant effect on the blood glucose levels. Administration of 5mg/kg EEK during contraction of the hindlimb increased significantly both the arterial and venous glucose levels from 99.2±1.1mg/dl and 93.8±1.7mg/dl to135±5.7mg/dl and 110±4.9mg/dl respectively. The arterial and venous glucose levels were sustainably higher throughout the post-injection observation period. The arterial blood glucose levels were also higher than the venous glucose levels ( Table 6 ). The effect of EEK on (A-V) glucose during contraction of the hindlimb of the dog is shown in figure 5a. Following hindlimb contraction, (A-V) glucose increased from 4.2±0.2mg/dl to 42.1±0.9mg/dl. The increase in (A-V) glucose produced by contraction was significantly higher than the (A-V) glucose of 23±2.6mg/dl produced by EEK at rest. There was however, no significant difference in the effect of EEK during contraction of the hindlimb compared with the effect of contraction without EEK. The effect of EEK on blood flow is shown in figure 5b . During contraction of hindlimb, ethanolic extract of kolanut increased blood flow significantly to the hindlimb from 8.3±0.3ml/min to 13±0.3ml/min. This result is in contrast to the reduction in blood flow caused by EEK in noncontracting state. The effect of EEK on HGU during contraction of the hindlimb is shown in figure 5c . Contraction of the hindlimb increased HGU by 354%. Administration of EEK resulted in a more significant increase in HGU. EEK caused 611% increase in HGU following contraction of the hindlimb. 
Discussion
The observed increase in blood glucose level following administration of caffeine in dogs in this study agrees with the report of Pencek et al., (2004) . It is also consistent with previous reports (Graham et al, 2000) whereby caffeine was reported to impair insulin mediated glucose disposal probably through release of adrenaline from adrenal medulla. Adrenaline is a well known hyperglycemic agent (Deibert and De Fronzo 1980; Alada and Oyebola 1997) .
Adrenaline increases blood glucose level through the process of hepatic glycogenolysis and gluconeogenesis (Akiba et al, 2004) . There are also several reports that showed that caffeine decreases insulin sensitivity Robinson et al, 2004 ) through blockade of adenosine receptors Akiba et al, 2004) . The observed increase in arterio-venous (A-V) glucose difference and hindlimb glucose uptake following administration of caffeine is consistent with the reports of many workers in humans (Lee et al, 2005; Greer et al, 2001; Battram et al, 2005) and animals (Pencek et al, 2004) . The increase in (A-V) glucose observed in the present study showed that caffeine actually increased glucose extraction by the canine hindlimb despite the decrease in blood flow. The observed increase in glucose extraction by the hindlimb following administration of caffeine is probably a response to the increase in blood glucose levels, since both occur at about the same time. Caffeine and kolanut extract on canine hindlimb glucose uptake Previous studies have shown that glucose transport across skeletal muscle cell membrane is enhanced during hyperglyceamia (Battram et al, 2005; Zierler, 1999) irrespective of its causes. There are also reports, which showed that caffeine-induced increases in skeletal muscle glucose uptake are through the release of calcium ions into the cytoplasm (Hardie and Sakamoto, 2006) . Studies in which frog sartorius muscle was incubated with caffeine resulted in several fold increase in glucose transport due to release of calcium ion into the myoplasm (Hardie and Sakamoto, 2006; Rose and Richter 2005) . In rat epitrochlearis muscle, raising intracellular calcium ions by treatment with caffeine in-vitro also increased glucose transport (Hardie and Sakamoto, 2006) . The significant reduction in hindlimb blood flow following caffeine administrations observed in this study is also consistent with the reported vasoconstriction effect of caffeine (Pincomb et al., 1985; Smits et al., 1986; Sung et al., 1994) . The possible explanation for the vasoconstriction effect of caffeine is the blockade of vasodilatory actions of adenosine (Fredholm, 1995) . Acute intake of caffeine has also been reported to increase vascular resistance (Smits et al., 1990) . The reported increase in vascular resistance is consistence with the present report. The absence of any significant effect of caffeine on arterial blood glucose levels during contraction of hindlimb in this study seems to suggest that the hyperglyceamia produced by caffeine at rest has been removed during contraction of the hindlimb probably as a result of increased demand for glucose by the exercising muscles (Richter, 1996; Rose and Richter, 2005) . Although few workers have reported a slight increase in blood glucose levels during exercise (Andersen and Saltin, 1985) , most workers however, have reported no change in blood glucose during exercise (Rose and Richter, 2005) . The greater increase in glucose extraction and hindlimb glucose uptake due to caffeine during contraction of the hindlimb muscles in this study is of great interest. It is well established that glucose uptake by skeletal muscle increases many folds during muscular exercise (Rose and Richter, 2005; Hardie and Sakamoto, 2006) . Skeletal muscle is therefore a major sink for disposal of glucose in postprandial state. The higher increase in glucose extraction and glucose uptake due to caffeine during contraction of the hindlimb in the dog observed in this study seems to suggest that during hindlimb contraction, caffeine acts to argument the glucose uptake by the hindlimb. The mechanisms by which caffeine arguments glucose uptake by the canine hindlimb during exercise are not known. However, several mechanisms have been postulated to explain the effect of caffeine on glucose uptake during exercise.
Previous studies have shown that increasing glucose supply to the working muscle by raising glucose concentrations during contractions invitro (Richter et al, 1988; Petersen et al, 2003) or during exercise in-vivo (Richter, 1996) increases skeletal muscle glucose uptake during exercise even when insulin levels are prevented from rising (Rose and Richter, 2005; Akiba et al, 2004) . Conversely, during prolonged exercise when insulin in blood decreases, glucose uptake decreases as well (Ahlborg et al, 1974) . It is noteworthy, that within physiological range of glucose concentrations, the relationship between glucose concentration and insulin is also linear, indicating that changes in plasma glucose level translate in all proportionality to changes in glucose uptake by muscle (Rose and Richter, 2005) , whereas the increase in muscle blood flow seems to match the glucose uptake demands of the contracting muscle (Anderson and Saltin, 1985) and does not pose any obvious limitation to glucose uptake in healthy individuals. The blood glucose concentration is an important limiting factor during muscular exercise (Rose and Richter, 2005) .
Again, there are reports that caffeine induced glucose uptake through release of calcium ions into the myoplasm (Hardie and Sakamoto, 2006 ). An increase in calcium concentration in the myoplasm results in muscle contraction and alteration in the permeability of glucose. In this study, the significant reduction in blood flow to the hindlimb observed with EEK is similar to the observation on caffeine in the present study. The slight increase in blood glucose level produced by administration of EEk is of interest. After an extensive search of literature, there was no reported work on the effects of kolanut on blood glucose. Since the pattern and the magnitude of hyperglycemia induced by the ethanolic extract of kolanut are similar to that of caffeine, it will therefore be difficult not to conclude that the effect of ethanolic extract of kolanut on blood glucose is not due to caffeine. It is also true that caffeine is not the only active substance in EEK. Other active ingredients may also contribute to the various effects of kolanut. Further studies using other active ingredients of kolanut may shed more light on this. There is however, no doubt that caffeine is a major contributor to the action of kolanut. The possible mechanism by which caffeine increases glucose level in this study had earlier been explained. The increase in hindlimb glucose extraction and glucose uptake observed in this study is consistent with the action of caffeine on other parameters measured in this study. Ethanolic extract of kolanut increased hindlimb glucose uptake by about 44% while caffeine 6mg/kg produced about 700% increase. The difference in the magnitude of hindlimb glucose uptake by the two substances is probably due to the different concentrations of caffeine in circulation. Higher levels of caffeine in circulation have been reported to produce greater effects, for instance in blood pressure monitoring (Nurminen et al, 1999) .
The potentiating effect of ethanolic extract of kolanut on hindlimb glucose uptake during contraction was also similar to the effect of caffeine under similar conditions. Contraction of the hindlimb muscle also tend to abolish the effect of ethanolic extract of Kolanut on blood flow, since in non-exercising animal ethanolic extract of kolanut produced an increase in vascular resistance and a decrease in blood flow. This is also similar to the effect of caffeine on blood flow and vascular resistance in the dog.
Generally, caffeine and ethanolic extract of kolanut seem to exhibit the same pattern of response with different magnitudes in all parameters measured in the present study. The difference in the effects of caffeine and EEK is only in the magnitude of the response and duration of the event. Since the concentration of caffeine in EEK used in this study was not determined, it will therefore be difficult to expect that the concentration of pure caffeine and caffeine in EEK will be the same. A pharmacodynamic study on the metabolism of kolanut may be necessary to throw more light on metabolic pathway of EEK. In similar studies using decaffeinated products of coffee, the significant role of caffeine in coffee, chocolate, cocoa and other food substances containing caffeine were highlighted (Nurminen et al, 1999) . Most of the physiological effects of cola nitida are said to be due to caffeine. Although, the quantity of caffeine in the cola nitida was not determined in this study, the fact that ethanolic extract of kolanut increased mean arterial blood pressure (unpublished observation) supports the hypothesis that the pressor effect of kolanut is due to caffeine. Similar observation has been made with other food products such as coffee, cocoa, which contain caffeine (Khee and Jaworski, 1987) . In actual fact, in some studies using decaffeinated coffee, there was no increase in blood pressure. An earlier worker (Somorin, 1973) found that cola nitida contains 0.16-gram caffeine per 100g powder of kola nut. The concentration of caffeine used in this study is far less than the amount stated above. Since the effects of EEK on blood flow, and hindlimb glucose uptake are essentially similar to that of caffeine in this study, it will therefore be difficult not to conclude that the effects of EEK was being carried out by the presence of caffeine in it. Further studies whereby caffeine and other active substances in EEK will be isolated will throw more light on the mechanisms of action of EEK in the dog.
